The focus of this study is the investigation of removal ability of methylene blue (MB) and malachite green (MG) dyes from aqueous solution by raw maize corncob (RMC) and H 3 PO 4 activated maize corncob (AMC). Maize corncobs were carbonized at 500 W C for 2 h, and then impregnated at a phosphoric acid to maize corncob ratio of 2.5 g/g. The impregnated maize corncob was activated in a tubular vertical furnace at 450 W C for 2 h. Samples were characterized by different methods. 
INTRODUCTION
Water is the most important raw material for human beings, animals, plants, and micro-organisms. Virtually all vital phenomena of the biosphere are related to the availability of water. Due to the rapid development in technology, water pollution is a major problem being faced by society today. The discharge of industrial, agricultural, and domestic wastewaters without treatment or with inadequate treatment level causes degradation of ecosystems (Vymazal ) . The problem is even more serious in the case of industrial effluents which have a much more pronounced toxic nature.
Among industries consuming water in large quantities, the textile industry with that of tanneries came top of the list (Patterson ) . The dyeing sector, and printing and finishing of textiles are of particular importance (Wang et al. ; Rosa et al. ) . These activities generate a significant pollution in wastewater being highly loaded with acidic or basic dyes, salts, and adjuvants (Secondes et al. ) . Disposal of these dyes has been extensively studied, with the processes used including precipitation (Zhu et al. ) , ionic exchange (Greluk & Hubicki ) , membrane filtration methods due to the availability of many adsorbents, simplicity of design, high efficiency, and ability to treat dyes in a more concentrated form (Kanchi et al. ; Yagub et al. ) .
Different sorbents have been conventionally used for the removal of dyes from aqueous solutions, whereas activated carbon has been widely used in the recent past due to the presence of different surface oxygen functional groups at its surface, its pore structure, and also for the high adsorption capacity (Titirici et However, studies in this field have not produced materials which meet all the demands of adsorption activity.
This work aims to evaluate the potential of maize corncob and H 3 PO 4 activated maize corncob (AMC) as an economical and eco-friendly adsorbent for the removal of methylene blue (MB) and malachite green (MG) from aqueous solution. The materials were characterized by Fourier transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD) and scanning electron microscopy (SEM). Several parameters that affect the adsorption including solution pH, adsorbent dosage, contact time, initial dye concentration and temperature were evaluated. Pseudo-first-order and pseudo-second-order kinetic models were tested to fit adsorption kinetic data. The equilibrium data were analyzed using Langmuir and Freundlich isotherm models.
EXPERIMENTAL Materials
All the necessary chemicals used in this study were of analytical grade. MB and MG were provided by SigmaAldrich Chemicals and were used without further purification. HNO 3 (65%) was purchased from Sharlau (Spain) and NaOH from Merck (Germany). The chemical formula and some other specific characteristics of these dyes are summarized in Table 1 .
Preparation of the adsorbents
Maize corncobs (locally obtained) were repeatedly washed with distilled water to remove dirt particles and were dried 
Characterization
The functional groups present at the surface of the RMC and AMC adsorbents were identified by FT-IR in the range of 4,400-400 cm À1 using a SCOTECH-SP-1 spectrophotometer.
The samples were mixed with oven-dried spectroscopic grade
KBr and pressed into a disk. XRD patterns were obtained using a Philips PW 1710 diffractometer equipped with a was determined at the value for which pH final ¼ pH initial .
Batch adsorption experiments
Adsorption experiments were performed in a series of 100 mL beakers containing the desired weight of each adsorbent and 50 mL of the dye solution at the desired concentration.
These experiments were carried out at a constant agitation speed of 500 rpm by varying the pH of solution from 2 to 12, adsorbent dosage from 0.25 to 6 g/L, contact time from 5 to 300 min, initial dye concentration from 20 to 200 mg/L, and temperature from 10 to 50 W C. The solution pH was adjusted by adding NaOH (0.1 N) or HNO 3 (0.1 N) and measured by a sensIONþ PH31 pH meter. The temperature was controlled using a thermostatically controlled incubator.
After each adsorption experiment was completed, the solid phase was separated from the liquid phase by centrifugation at 3,000 rpm for 10 min. Determination of the concentration of the dyes was carried out by spectrophotometric analysis in the visible range at the wavelength of maximum absorption of each dye ( Table 1 ). The adsorbed quantity was calculated using the following equation:
and the fading percentage/removal efficiency/adsorption efficiency:
where q (mg/g) is the adsorbed quantity, C 0 (mg/L) is the initial dye concentration, C (mg/L) is the dye concentration at a time t, and R (g/L) is the mass of adsorbents per liter of solution.
RESULTS AND DISCUSSION
FT-IR analysis of the adsorbents (101) and (002) show signs of formation of a carbonaceous crystalline structure, and that results in better layer alignment (Liou & Wu ) . This feature is evident because the samples have a turbostratic structure.
This type of pattern is known to be characteristic of the carbon states described as clusters made of small fragments of graphene layers plus a certain amount of disorganized carbon.
Morphology of the adsorbents
SEM photographs of RMC and AMC are shown in Figure 3 .
The figure reveals significant differences between the surface morphology of the RMC and the prepared activated carbon (AMC). From the figure the absence of any well-defined pores on the surface of raw material can be seen. After activation, the pores wall were opened and the surface became smooth with many different size and shape cavities. The H 3 PO 4 impregnation and activation temperature are effective in creating well-developed pores on the surface of the AMC.
These new pores are formed due to the reaction between carbon and the activating agent. The development of porous structure results from the decomposition of the sample matrix by the impregnation followed by evaporation of tars during the heat treatment. The prepared activated carbon will have large adsorption capacity due to high porosity.
pH point of zero charge
The pHs of zero charge (pH PZC ) of the adsorbents were found to be 6 and 3.5, respectively, for RMC and AMC.
This result indicates that the adsorbents acquire a positive charge below a pH of 6 and 3.5, respectively, for RMC Consequently, the adsorbent-adsorbate interactions for the cationic dyes become progressively significant for larger pH values. We can conclude from this result that the negative surface charge of the activated carbon becomes greater with increasing pH.
Adsorption kinetics
The kinetic parameters, which are supportive for the predic- The first-order rate expression of Lagergren based on solid capacity is generally expressed as follows (Lagergren ) :
Integrating this equation for the boundary conditions t ¼ 0 to t ¼ t and q ¼ 0 to q ¼ q t , Equation (3) becomes:
where q e and q (both in mg/g) are, respectively, the amounts of metal adsorbed at equilibrium and at any time t (min), and k 1 (1/min) is the rate constant of adsorption.
In contrast, the pseudo-second-order kinetic equation is based on the adsorption capacity which may be expressed in the form (Ho & Mckay ) : Integration of conditions with similar limits for the following equation gives:
where k 2 (g/mg min) is the rate constant of pseudo-secondorder adsorption.
Parameters of the pseudo-first-order and pseudo-secondorder models were estimated with the aid of nonlinear regression. The obtained data and the correlation coefficients, r 2 , are given in Table 2 . 
Equilibrium sorption
To optimize the design of an adsorption system for the removal of solutes by adsorbents, it is important to establish the most appropriate correlation for the equilibrium curves.
Adsorption isotherm provides valuable information such as equilibrium sorption capacity and certain constants whose values express the surface properties and affinity of the adsorbent (Sivarajasekar & Baskar b) . 
Langmuir model
The most commonly used model is the Langmuir model 
where q e (mg/g) is the adsorbed amount at equilibrium
Langmuir equilibrium constant (L/mg), and q m the Langmuir maximum adsorption capacity (mg/g).
Freundlich model
The simple empirical Freundlich model is most commonly used. It is considered to be applicable to many cases, particularly in the case of multilayer adsorption interaction 
where k F (mg 1À1/n /g/L n ) is the Freundlich constant and n is the heterogeneity factor. The K F value is related to the adsorption capacity; while 1/n value is related to the adsorption intensity.
Analysis of adsorption isotherms
The constants that characterize each of the above cited models were determined by nonlinear regression analysis.
The obtained values are given in Effect of temperature Increasing the temperature is known to increase the rate of the diffusion of molecules across the external boundary layer and the internal pores of the adsorbent particles, owing to the decrease in the viscosity of the solution. Therefore, changing temperature will change the equilibrium capacity of the adsorbent for a particular adsorbate. 
